(69.3 AE 24.7 vs 63.1 AE 21.4 mL/min, P < .001) compared to patients managed by haematologists. There was no difference between groups in the type of AF, CHA 2 DS 2 -VASc or HAS-BLED scores, but patients with electrical cardioversion were more prevalent in GP group. The overall mean time in therapeutic range (TTR) assessed by Rosendaal method was 61.5 AE 24.9%; 52.6% of patients had TTR<65% and 60% of patients had TTR<70%. TTR was significantly lower in patients controlled by haematologists than by GPs (63 AE 24.4 vs 59.2 AE 25.6, P < .005). Conclusions: About 60% of AF patients anticoagulated with VKAs had poor anticoagulation control (ie TTR<70%), and their management was only slightly better than when it is managed by general practitioners.
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| INTRODUCTION
Atrial fibrillation (AF) is the most common cardiac arrhythmia in developed countries [1] [2] [3] and is associated with an increased mortality and morbidity rate, with an associated hospitalisation and healthcare costs. 2,4-10 Therefore, it is essential to ensure optimal and homogeneous management, with emphasis on quality of anticoagulation. Whilst wellmanaged anticoagulation reduced stroke and mortality, poor anticoagulation control leads an increase in thrombotic and bleeding events, as well as mortality.
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Atrial fibrillation management is performed by various medical specialists, but anticoagulation control is usually managed by the general practitioner (GP) or haematologist and, in a smaller number of cases, by cardiologists or internists. To achieve a good control of the quality of anticoagulation requires experience and knowledge both by the doctor and the patient. Since 2010, we have seen annual updates of clinical practice guidelines (both European and American) containing new algorithms, use of thrombotic and bleeding risk scores, as well as the introduction of four nonvitamin K oral anticoagulants (NOACs), with a better safety profile. All these updates are useful, but their application in everyday clinical practice is not immediate. For that reason, the management of anticoagulation is not homogeneous among different professionals.
On the other hand, the quality of anticoagulation control is not assessed in a homogeneous way by all groups. This assessment is sometimes the result of using a simple percentage of international normalised range (INR) in therapeutic range (PINRR) 12 and, in other cases, by the time in the therapeutic range (TTR) as measured by the Rosendaal method. 13 Although NOACs have emerged as an effective and safe alternative to VKA therapy, treatment with VKA is still a valid option in AF patients. 14 The AuriculA registry from Swedish population showed that in patients who spend high proportion of time in the therapeutic range, the treatment with warfarin is safe and effective and will continue to be a valid option. 15 The aim of our study was to assess the quality of anticoagulation control with vitamin K antagonists (VKAs) in relation to the responsible specialist in a "real-world" AF population.
| METHODS

| Study design
The data from this study come from the FANTASIIA Registry ("Fibrilaci on Auricular: influencia del Nivel y Tipo de Anticoagulaci on Sobre la incidencia de Ictus y Accidentes hemorr agicos"), a national, multicentric, observational and prospective study which main objective is to evaluate the incidence of thromboembolic and haemorrhagic events in a prospective sample of AF patients over 3 years of followup, in relation to the type of antithrombotic agents, VKA or NOACs, and the quality of anticoagulation (in those who receive VKA). The design has been previously published 16 and includes an initial visit and three follow-up visits, after 1, 2 and 3 years, where clinical and laboratory data of patients would be collected in an electronic data notebook. In this study, we assess the quality of anticoagulation control with VKAs in relation to the responsible specialist in a "real-world" AF population: the GP or the haematologist.
| Study population
A total of 1640 consecutive outpatients treated with VKAs were included in the analysis of this study. During the selection process, 56 patients were excluded because the data about the specialist in charge of their anticoagulation control were not available. Therefore, the final analysed sample size was 1584 patients. Demographic, clinical and analytical variables were collected from all patients in medical records. Previous major bleeding events were defined according to the 2005 International Society of Thrombosis and Haemostasis criteria: fatal bleeding or symptomatic bleeding in a critical anatomical site (intracranial, intraspinal, intraocular, retroperitoneal, intraarticular, pericardial or intramuscular with compartment syndrome) and/or bleeding causing a fall in haemoglobin ≥20 g/L or transfusion of ≥2 units of packed red blood cells. Patients with rheumatic mitral valvular disease or prosthetic valve patients were excluded.
For the present analysis, two groups were established according to the specialist responsible of anticoagulation control: GPs or haematologists. In the first case, the control of anticoagulation was performed completely in the primary care centre, by GPs. The blood test was performed with a portable system, and the interpretation and adjustment of the pattern were established by the GPs. The way for the anticoagulation management option with GPs or haematologists depended of the geographical region of the patient (FANTASIIA registry is a multicenter registry that involves 50 centres).
In the case of haematology control, two modalities were observed according to the local care organisation: in the first, only the haematologist was responsible for the complete process of anticoagulation control; and in the second, a blood sample was extracted in the primary care centre, sent to the Hematology laboratory and the haematologist sent the recommendation of the anticoagulation treatment to the GPs who transmitted it to the patient.
The FANTASIIA Registry complies with all the requirements of the Helsinki Declaration, and the study protocol was approved by the Clinical and Ethical Testing Committee of the Hospital Universitario San Juan de Alicante (approval number 12/220) by all Ethics Committees of the participating centres, as well as the Spanish Agency for Medicine and Health Products (SEC-ACO-2012-01 postauthorisation approval code). All the participating patients signed the informed consent. Reporting of the study conforms to STROBE statement along with references to STROBE statement and the broader EQUATOR guidelines. 17 
| Quality of anticoagulation control
All available INR of each patient in the 6 months previous was collected at baseline with at least 1 INR per month to calculate the time in the therapeutic range. The FANTASIIA registry is an observational multicenter registry. For that reason, all the frequency of the INR determinations to maintain the INR between 2.0 and 3.0 and the frequency of visits to the physicians were performed following the usual clinical practice without any additional intervention. Poor quality of anticoagulation or "INR lability" was defined when patients experienced a TTR <65%. The TTR was estimated according to different methods. The main methodology employed was the classical linear method of Rosendaal. 13 However, the quality of anticoagulation also was studied according to the direct method or percentage of INR in therapeutic range (PINRR). This method calculates the TTR according to the number of visits where the INR is in therapeutic range (between 2.0 and 3.0) and divides it by the total number of visits. Similarly, the INR variability was estimated using the Fihn method, 18 evaluating the INR variability using the growth rate of the variance according to the Fihn method.
We assessed the quality of anticoagulation therapy following the ESC criteria of the percentage of patients with TTR <70% measured by Rosendaal.
| Statistical analysis
Quantitative variables are described by mean and standard deviation or median and interquartile range based on whether they followed a normal distribution. 3 | RESULTS
| Comparison of baseline characteristics of both groups
Of the 1,584 patients analysed, in 977 (61.7%) had anticoagulation management by GPs and in 607 (38.3%) by haematologists. The mean age was 74.0 AE 9.4 years and 57.3% were male, with no significant differences between groups (Table 1) . Comorbidities, risk factors, history of stroke and major haemorrhage appeared similar in both groups, although history of gastrointestinal haemorrhage was higher (3.7% vs 22.7%, P = .043) in the group managed by haematologists. All investigations, diagnoses and initial treatments data were similar in both groups. Mean glomerular filtration rate (63.1 AE 21.4 vs 69.4 AE 24.7 mL/min, P < .001) and the left ventricular ejection fraction (57.7 AE 11.8% vs 59.3 AE 10.6%, P = .040) were marginally better in the group managed by haematologists. More concomitant use of antiplatelet agents (12.5% vs 9.0%, P = .026) was observed in the group managed by haematologists.
| Previous heart disease history
Patients in the group controlled by GPs had more previous heart disease (53.2% vs 43.3%, P < .001), heart failure (32.9% vs 26.5%, P = .008), cardiomyopathy (15.2% vs 8.7%, P < .001) and left ventricular hypertrophy due to arterial hypertension (18.1% vs 13.7%, P = .020) as well as a higher percentage of cardiac resynchronisation therapy (5.0% vs 1.5%, P < .001) ( Table S1 ). Types of AF were similar in both groups, but more electrical cardioversion (19.8% vs 14.7%, P = .010) and previous AF ablation procedure (5.2% vs 2.1%, P = .002), rhythm control (41.9% vs 34.3%, P = .003) and follow-up by cardiology (88.7% vs 86.3%, P = .002) were observed in the GP group. The general population had high thrombotic and haemorrhagic risk, with CHA 2 DS 2 -VASc mean score of 3.72 AE 1.58 and mean HAS-BLED of 2.01 AE 1.03, with no differences between groups.
| Quality of anticoagulation control in both groups
In the overall population studied, the quality of anticoagulation estimated by TTR by the Rosendaal method was 61.5 AE 24.1%; 52.6% of the patients had a TTR <65% and 60% of the patients had a TTR <70% ( Table 2 ). The TTR was significantly higher in the GPs group (63.0 AE 24.4% vs 59.2 AE 25.6%, P = .005) with a lower proportion of patients with a TTR <65% (49.7% vs 57.1%, P = .004) and TTR <70% (56.8% vs 62.7%, P = .021) in the group managed by GPs.
After the univariate and multivariate analysis, only the management of anticoagulation according to the type of specialist was independently associated with poor anticoagulation control (TTR <65%) with an OR 1.35 ([95% CI, 1-1.7], P = .005). (Table 3 ).
| DISCUSSION
The results of this ancillary study from the FANTASIIA Registry show that 60% AF patients had poor quality control with VKA therapy (ie TTR <70%), with a slightly better management of anticoagulation by GPs. Poor anticoagulation control was evident in patients with AF, although the management of anticoagulation by GPs was slightly better.
Previous studies have shown that poor anticoagulation control is associated with a worse prognosis, increasing not only the risk of stroke and systemic embolism, but also increasing bleeding, ischaemic heart disease and mortality. 11, [19] [20] [21] [22] In clinical practice, the TTR levels are below than those reported in randomised trials where fewer confounding variables exist and strict criteria for patient selection prevail. The GARFIELD-AF registry 20 showed an increased risk of 2.6 for thromboembolism, 1.5-fold high risk for bleeding and all-cause mortality of 2.5 with TTR <65%.
Clinical guidelines recommend the evaluation of TTR using Rosendaal method and its use should alert healthcare practitioners to inadequate anticoagulation control. However, the use of this method in daily clinical practice is difficult and in this sense, the availability of instruments that facilitate the use of Rosendaal, perhaps incorporated automatically in the electronic history and elements such as electronic alerts, could be elements of improvement.
This comparative analysis between two varying organisational models is reflected in the international literature but poorly established, at least as far as we know, in the current literature in our country, which describes results separately depending on GPs or haematologists. For this reason, the FANTASIIA Registry provides an ideal scenario to study this topic. In our series, patients with anticoagulation control by GPs represent greater than 50%. Mean age, percentage of women, type of AF, comorbidies, risk factors, stroke and previous major bleeding were similar in both populations, although in the haematologist-controlled group, there was greater concomitant use of antiplatelet agents. In addition, patients in both groups were at high risk of both thrombotic and haemorrhagic events, similar to the GARFIELD-AF registry data. 20 Nevertheless, patients with anticoagulation control by GPs had significantly more concomitant cardiac and extracardiac pathology. Many patients in this group were clinically followed by cardiologists and consistent with the literature, 23,24 a strategy of control of rhythm control, cardioversion and previous ablation was decided in a greater proportion of patients in comparison with those in which the control of anticoagulation was performed by haematologists with less clinical followup by cardiologists. Differences in TTR and quality of anticoagulation control have been reported previously between patients controlled by GPs with those controlled by haematologic clinics. In a meta-analysis by Baker et al, 25 8 studies with more than 22 000 patients demonstrated a mean TTR of 55%, being significantly lower when the control was carried out by GPs vs Hematology (63 vs 51%). In our study, the mean TTR estimated by the Rosendaal method had higher values than in the American study. In contrast, mean TTR in our analysis was significantly higher in patients controlled by GPs than by haematologists. In addition, the higher propensity towards poorer control associated with being the haematologist responsible for control of anticoagulation was not modified when the analyses were adjusted for the variables associated with poor control of anticoagulation such as a high HAS-BLED score or history of bleeding. It should be noted that we are not comparing professionals (haematologist vs primary care physicians) but two differing anticoagulation management systems (including number of visits, patient accessibility and availability of important clinical information). However, there are other models to assess the quality of anticoagulation. Hou et al 26 performed a systematic review of 8 clinical trials and 9 observational studies and observed that the risk of thromboembolic and bleeding events significantly decreased in patients where the anticoagulation management was based on pharmacist-led management compared to the anticoagulation clinics or treatment with GPs. Conversely, many studies have reported improvements in the quality of oral anticoagulation with self-testing and selfmanagement approaches, with possible improvements in clinical outcomes. Verret et al 27 demonstrated that selfmanagement of anticoagulation in AF patients improved the quality of life with the same or higher quality of anticoagulation compared to the management in anticoagulation clinics. These results reflect different models focus on the importance of the patient as an active actor of the decision-
General practitioner n = 977
Haematologist n = 607 P-value 28 Nevertheless, in our study, the TTR levels reflected a poor quality of anticoagulation with VKAs, independent of the specialist in charge. These data contrast with the Swedish registry AuriculA 29 that included more than 18 000 patients and showed a high rate of good quality of the anticoagulation and a mean TTR of 76%, and better still in primary care with TTR of 80% than in the haematology clinics with mean TTR of 76%. The authors argued that this difference could be because the population controlled by GPs could be healthier, with less comorbidity and difficulty in maintaining the INR in range. This is not the case in this present study, where the population controlled in primary care had a slightly better quality of anticoagulation although they had more previous heart disease, lower left ventricular ejection fraction and worse renal function. Most likely, the cause of this difference in our study is related to the different organisational systems.
In any case, we observed a low TTR, independent of the anticoagulation management specialist. Also, several studies 19, [30] [31] [32] [33] showed that 40%-54% of anticoagulated patients with VKAs in our country had a low quality of anticoagulation with a TTR of <65% estimated by Rosendaal. Additionally, the different organisational models of anticoagulation control should be aimed at improving quality. Centralised control, without direct patient review, has not been shown in our study to lead to improvement. The results of our analysis of the FANTASIIA registry, like the data from previous studies, show that there is wide room for improvement of anticoagulation control and prognosis of patients in daily clinical practice. This makes it necessary to optimize treatment with all available variables, such as the correct training of professionals, the homogenous management of AF by the different specialists involved, the training of patients and the accessibility of direct anticoagulants that have the same or better effectiveness than warfarin with better safety profile 1 The design of the FANTASIIA Registry offers the possibility to know this improvement, with the further analysis planned for 1 year, two and 2 years of evolution.
| Limitations
We are comparing two systems that differ not only in professionals involved but also in different variables of difficult weight such as number of visits and determinations, availability of relevant clinical information or hospital admissions, but we had available 12 values of the INRs of each patient. In this analysis, the number of patients included, the dispersion of the participants and the selection of the patients indicate that the information provided is a good approximation of the quality of AVK anticoagulation in Spain with different organisational systems.
| CONCLUSIONS
In the FANTASIIA registry, about 60% of AF patients anticoagulated with VKAs had poor anticoagulation control and their management was only slightly better than when the management was performed by general practitioners. Overall, there is wide room for improvement in anticoagulation quality and it seems that anticoagulation control focused on primary care is only slightly better.
